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INTRODUC TION

Urinary tract infections (UTI) are a commonly treated infection in the 
emergency department (ED), accounting for approximately 3 million 
visits annually, and 15% of all outpatient antibiotics in the United 
States (US).1– 4 Enterobacterales remain the most common cause of 
UTIs and are associated with increased rates of in vitro resistance 
to commonly prescribed antibioitics.5,6 In particular, the prevalence 
of Escherichia coli resistance to commonly prescribed antibiotics 

such as trimethoprim/sulfamethoxazole (TMP/SMX), fluroquinolo-
nes (FQ; e.g., ciprofloxacin and levofloxacin), and beta- lactams has 
continued to increase in most regions of the United States, and un-
derscores the importance of using local antibiograms for selecting 
empiric treatment in patients diagnosed with a UTI in the ED.5,7

Many geographic regions in the United States are report-
ing prevalences of FQ- resistant (FQR) and TMP/SMX- resistant 
Enterobacterales of >10%, with some areas with rates >20%, ex-
ceeding threshold rates (>10%) recommended by the Infectious 
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Abstract
Background: Uropathogen resistance, fluoroquinolone- resistance (FQR), and ex-
tended spectrum beta- lactamase (ESBL), has been observed to be emerging worldwide 
with prevalences above recommended thresholds for routine empirical treatment. 
The primary aim of our study was to determine the prevalence of FQR from a geo-
graphically diverse sample of United States emergency departments (EDs).
Methods: We conducted a multi- center, observational cohort study using a network 
of 15 geographically diverse US EDs. All patients ≥18 years of age with the primary 
or secondary diagnosis of urinary tract infection (UTI) in the ED identified using 
International Classification of Diseases (ICD- 10) diagnosis code of cystitis, pyelone-
phritis, or UTI from 2018 to 2020 were included. We calculated descriptive statistics 
for uropathogens and susceptibilities. Logistic regression analysis was used to identify 
antimicrobial resistance risk factors associated with FQR Escherichia coli.
Results: Among 3779 patients who met inclusion criteria, median age was 62.9 years 
(interquartile range [IQR]: 41– 77.6) and 76.3% were female. The most common di-
agnoses were complicated (41.2%) and uncomplicated cystitis (40.3%). E. coli was 
the most common pathogen (63.2%), followed by Klebsiella pneumoniae (13.2%) and 
Enterococcus species (5.8%). Across all sites, overall E. coli FQ- resistance prevalence 
was 22.1%, ranging from 10.5 to 29.7% by site. The prevalence of ESBL- producing 
uropathogen was 7.4%, ranging from 3.6% to 11.6% by site. Previous IV or oral anti-
microbial use in the past 90- days and history of a multi- drug resistant pathogen were 
associated with FQ- resistant E. coli (odds ratio [OR] 2.68, 95% confidence interval [CI]: 
2.04– 3.51, and OR 6.93, 95% CI: 4.95– 9.70, respectively). Of the patients who had 
FQ- resistant E. coli or an ESBL- producing uropathogen isolated, 116 (37.1%) and 61 
(36.7%) did not have any documented risk factors for resistance.
Conclusion: FQ- resistant E. coli is widely prevalent across US sites highlighting the 
need for ongoing monitoring of antimicrobial resistance and, at some locations, modi-
fication of empirical treatments.

mailto:brett-faine@uiowa.edu
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Diseases Society of America (IDSA) to change from one antibi-
otic class to another for empirical treatment.5,6 Additionally, the 
prevalence of extended spectrum β- lactamase (ESBL)- producing 
Enterobacterales continues to increase, now exceeding 20% in some 
US locations.6

Given a shrinking armamentarium of effective antibiotic treat-
ment for UTIs, the IDSA and Centers for Disease Control and 
Prevention (CDC) have identified the need for continued surveillance 
of resistance patterns at the local and national health care system 
level as a top priority to best inform antibiotic treatment decisions.7,8 
In 2019, the CDC classified ESBL- producing Enterobacterales as a 
serious threat due to the increase in community infections.9 ESBL- 
producing Enterobacterales are oftentimes also resistant to FQ as 
well as other agents commonly used to treat UTIs. As antimicrobial 
resistance can change rapidly, surveillance and reporting of the 
prevalence of E.coli resistant and ESBL- producing uropathogens is 
necessary to guide empiric antimicrobial treatment. The objective of 
our study was to determine the prevalence of FQ resistance among 
patients presenting to the ED and diagnosed with a UTI among a 
geographically diverse group of US sites. Secondary objectives were 
to identify geographic variation in E. coli resistance and risk factors 
associated with antimicrobial resistance.

METHODS

We conducted a multi- center, retrospective observational cohort 
study at 15 geographically diverse, US hospital EDs, that participate 
in the Emergency Medicine PHARMacotherapy Research NETwork 

(EMPHARM- NET) (see Figure 1 for full site listings). Patients were 
identified based on primary diagnosis of uncomplicated or com-
plicated cystitis and uncomplicated or complicated pyelonephritis 
using International Classification of Diseases (ICD)- 10 codes: ICD- 10, 
N30.00, N30.01, and N39.0 between January 1st, 2018 –  December 
31st, 2020. All patients ≥18 years of age who had a primary or sec-
ondary diagnosis of UTI in the ED, reported symptoms of a UTI, and 
had a urine culture obtained in the ED were included. Exclusion 
criteria were as follows: pregnancy; suspected or confirmed acute 
bacterial prostatitis; orchitis, epididymitis; or chronic bacterial pros-
tatitis as determined by history and/or physical examination; gross 
hematuria requiring intervention other than administration of anti-
biotics for UTI or removal or exchange of a urinary catheter; and 
urinary tract surgery within 7 days prior to ED presentation. Patients 
could only have one ED visit included in the study with subsequent 
visits being excluded in the study population.

Data Collection

All data variables were defined a priori and were available for ab-
straction from the electronic medical record (EMR). Data col-
lected included patient- specific characteristics (e.g., age, sex, past 
medical history, laboratory results), signs and symptoms (e.g., fever, 
dysuria, flank pain, frequency/urgency) of UTI, risk factors for an-
timicrobial resistance, ED disposition, and urine microbiological 
results and susceptibilities. Data were abstracted at each site by 
the principal investigator (PI) or by a trained data abstractor with 
an audit of a random sample of charts (~10%) completed to ensure 

F I G U R E  1  Prevalence of fluoroquinolone- resistant Escherichia coli based on EMPHARM- NET site location, 2018– 2020
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that abstractor entries were accurate and complete. All site institu-
tional review boards approved the study. The study is reported in 
accordance with the Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) statement.10 We used REDCap© 
electronic- data capture tool (Version 6.18.1, 2019; Vanderbilt 
University, Nashville, TN) hosted by the University of Iowa to man-
age all study data.11

Definitions

Cystitis was defined as patients reporting dysuria, urinary frequency 
or urgency, suprapubic pain, or hematuria.12,13 Pyelonephritis was 
defined as patients reporting urinary symptoms in addition to a fever 
(temperature > 38°C), chills, flank pain, costovertebral- angle tender-
ness, and nausea or vomiting.12,13 Patients were further classified as 
having complicated urinary tract infections (cystitis or pyelonephri-
tis) if they were male or had a pre- existing anatomical condition or 
current immunocompromising condition that may increase their risk 
for treatment failure.6 Pre- existing urinary tract anatomical condi-
tions were: history of kidney stones, urinary obstruction, neurogenic 
bladder, renal insufficiency, long- term urinary catheter [indwelling 
foley or suprapubic catheter], renal transplant, and nephrostomy 
tubes).6 Immunocompromising conditions included active cancer, 
chronic systemic corticosteroid use, current use of immunosuppres-
sants (e.g., renal transplant), and human immunodeficiency virus 
(HIV) disease. We classified patients without criteria for complicated 
cystitis or pyelonephritis as uncomplicated infections.

A positive urine culture was defined as a specimen with ≥104 CFU/
mL bacteria isolated in the urine culture with ≤2 organism isolated 
in the urine culture.14– 17 If a urine culture grew >2 organisms, it was 
considered to be contaminated; if no organisms were isolated, it was 
considered no growth.5,14 The following pathogens were considered 
to be contaminants: Lactobacillus, non- saprophyticus coagulase- 
negative Staphylococcus, Corynebacterium species; or β- hemolytic 
streptococci.14 Contaminated cultures and no growth cultures were 
reported as a negative culture in the final analysis. To test for the 
presence of ESBL- Enterobacterales or carbapenemase- producing 
Enterobacterales, the majority of the sites used VITEK® 2 (bio-
Merieux) to test for ESBL presence and Xpert® Carba- R (Cepheid) 
test for the presence of carbapenemases. If the site did not have 
capability to test specifically for ESBL- producing Enterobacterales, 
we considered isolates that were non- susceptible to ceftriaxone 
(i.e., minimum inhibitory concentration [MIC] > 1 μ/ml) to be ESBL 
producing.6

We evaluated risk factors for antimicrobial resistance, which 
included the following: previous intravenous (IV) or oral antibiotic 
use in the prior 90 days, hemodialysis dependence, pre- existing 
urinary tract anatomical conditions as defined above, residence in 
a long- term care facility, and history (within the past 12 months) 
of multi- drug resistant (MDR) pathogen in the past 12 months.18,19 
In all cases, the EMR was reviewed for the following MDR patho-
gens: ESBL- producing Enterobacterales; carbapenem- resistant 

Enterobacterales (CRE); methicillin- resistant Staphylococcus aureus 
(MRSA); vancomycin resistant Enterococci (VRE); Stenotrophomonas 
maltophilia; Pseudomonas aeruginosa; Acinetobacter spp.; AmpC-  
beta- lactamase- producing bacteria; or resistance to antibiotics from 
three different classes within the past 12 months.

Statistical analysis

Descriptive characteristics were used to characterize overall patient 
demographics for the total cohort, as well as for culture- positive and 
culture- negative patients. Among those with positive cultures, we 
characterized the distribution of uropathogens by UTI type includ-
ing complicated and uncomplicated cystitis and pyelonephritis. We 
quantified the prevalence of FQ- resistant E. coli by participating cent-
ers to describe geographical variability. Similarly, we quantified antimi-
crobial resistant prevalences for E. coli isolates. We assessed bivariate 
associations using logistic regression between select demographic 
and clinical factors on the presence of ESBL and FQ- resistant E. coli 
and present odds ratios and 95% confidence intervals (CI). A multivari-
able analysis was conducted to analyze potential variables associated 
with the presence of ESBL or FQ- resistant E. coli. Variables identified 
for regression analysis came from previously identified risk factors (de-
fined above) or were considered clinically significant variables that may 
be associated with risk of MDR (e.g., kidney disease). All analyses were 
conducted using SAS v9.4 (Cary, NC).

RESULTS

Over the 3- year period (January 2018 –  December 2020), 3714 pa-
tients met inclusion criteria for our study. Of the included patients, 
2242 patients (60%) had a urine culture that grew ≤2 uropathogens 
at ≥104 CFU/ml and 1472 had a urine culture that was negative (e.g., 
no growth or contaminated). Patient median age was 62.9 years 
(Interquartile range [IQR] 41– 77.6 years), 76.1% were female, and 
36.7% and 28.8% of patients reported having dysuria and frequent/
urgent urinary symptoms, respectively (Table 1). The most com-
mon UTI diagnosis was complicated cystitis (41.2%). Most patients 
(66.2%) were discharged home from the ED. Antimicrobial resist-
ance risk factors were identified in 44.2% of patients, with 15.1% 
having at least two risk factors; the most common (29.1%) risk factor 
was IV or oral antibiotic use in the prior 90 days.

Of the patients with a positive urine culture, 84.7% had cul-
tures that grew Enterobacterales with E. coli (63.2%) being the most 
common pathogen isolated (Table 2). Overall prevalences of ESBL- 
producing and carbapenemase- producing uropathogens were 7.4% 
and 0.3%, respectively.

For the primary outcome, 22.1% of E. coli isolates showed resis-
tance to FQs (Table 3). Overall, E. coli resistance was most prevalent 
to ampicillin (39.2%) and TMP/SMX (24.3%). Of patients with E. coli, 
resistance to carbapenems (e.g., meropenem, imipenem, ertape-
nem) was reported in 0.3% of patients. FQ- resistant E. coli occurred 
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TA B L E  1  Characteristics of patients diagnosed with a urinary tract infection from 15 US EDs

Demographic and clinical 
characteristics Overall (N = 3,714) Culture positive (N = 2,242)

Culture negative 
(N = 1,472)

Demographics

Age in years, median (IQR) 62.9 (41.0– 77.6) 66.0 (45.5– 79.4) 58.1 (36.3– 
74.0)

Sex, n (%)

Male 885 (23.8) 582 (26.0) 303 (20.6)

Female 2,827 (76.1) 1,659 (74.0) 1,168 (79.3)

Disposition, n (%)

Discharged from ED 2,457 (66.2) 1,329 (59.3) 1,128 (76.6)

Admitted -  Non- ICU 1,151 (31.0) 829 (37.0) 322 (21.9)

Admitted -  ICU 104 (2.8) 83 (3.7) 21 (1.4)

Clinical history, n (%)

Kidney disease 506 (13.6) 350 (15.6) 156 (10.6)

Advanced liver disease (cirrhosis/ 
ESLD)

67 (1.8) 47 (2.1) 20 (1.4)

Diabetes 989 (26.6) 624 (27.8) 365 (24.8)

UTI characteristics, n (%)

Chief complaint UTI 1,875 (50.5) 1,158 (51.7) 717 (48.7)

UTI Type

Pyelonephritis, uncomplicated 294 (7.9) 187 (8.3) 107 (7.3)

Pyelonephritis, complicated 393 (10.6) 269 (12.0) 124 (8.4)

Cystitis, uncomplicated 1,495 (40.3) 823 (36.7) 672 (45.7)

Cystitis, complicated 1,532 (41.2) 963 (43.0) 569 (38.7)

UTI symptoms

Altered mental status 548 (14.8) 381 (17.0) 167 (11.3)

Fever 483 (13.0) 344 (15.3) 139 (9.4)

Dysuria 1,364 (36.7) 795 (35.5) 569 (38.7)

Flank pain 514 (13.8) 304 (13.6) 210 (14.3)

Frequent/urgent urinary symptoms 1,071 (28.8) 642 (28.6) 429 (29.1)

Suprapubic pain 645 (17.4) 406 (18.1) 239 (16.2)

Characteristics that may contribute to antimicrobial resistance, n (%)

Previous IV or oral antibiotic use in 
the past 90 days

1,080 (29.1) 639 (28.5) 441 (30.0)

Hemodialysis dependence 54 (1.50 34 (1.5) 20 (1.4)

Urinary tract abnormality (e.g., 
catheter)

583 (15.7) 385 (17.2) 198 (13.5)

Long- term or intermittent urinary 
catheter

366 (9.9) 262 (11.7) 104 (7.1)

Nephrolithiasis 107 (2.9) 62 (2.8) 45 (3.1)

Renal transplant 42 (1.1) 21 (0.9) 21 (1.4)

Neurogenic bladder 135 (3.6) 107 (4.8) 28 (1.9)

Nephrostomy tubes 51 (1.4) 30 (1.3) 21 (1.4)

Residence in a long- term care 
facility

280 (7.5) 205 (9.1) 75 (5.1)

History of multi- drug resistant 
pathogen

385 (10.4) 296 (13.2) 89 (6.0)

Extended spectrum 
beta- lactamase

128 (3.4) 109 (4.9) 19 (1.3)
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in complicated pyelonephritis (33.3%), followed by complicated 
cystitis (28.2%), uncomplicated pyelonephritis (17.3%), and uncom-
plicated cystitis (15.3%). (Table 3). There was geographic variation 
in the prevalence of FQ- resistant E. coli ranging from 10.5– 29.7%. 
Fourteen of the enrolling institutions reported FQ- resistant E. coli 
rates >15%, with seven reporting rates >20% (Figure 1).

Use of IV or oral antibiotics in the prior 90 days and a history of 
having a MDR pathogen were significantly associated with isolating 
FQ- resistant E. coli (aOR, 1.87 [95% CI 1.38– 2.53]; aOR, 5.25 [95% 
CI 3.67– 7.51], respectively) (Table 4). History of having a MDR patho-
gen was significantly associated with isolating an ESBL- producing 

uropathogen (aOR, 4.71 [95% CI 3.26– 6.81) (Table 5). Of the patients 
who had FQ- resistant E. coli or an ESBL- producing uropathogen iso-
lated, 116 (37.1%) and 61 (36.7%) did not have any documented risk 
factors for resistance.

DISCUSSION

Our study of contemporary patients from 15 centers across the US 
found that the prevalence of FQ- resistant E. coli exceeded 15% at 
14 of the 15 sites and was >20% at 7 of the 15 sites signifying that 

Demographic and clinical 
characteristics Overall (N = 3,714) Culture positive (N = 2,242)

Culture negative 
(N = 1,472)

Carbapenem- resistant 
Enterobacterales

17 (0.5) 10 (0.4) 7 (0.5)

Methicillin- resistant 
Staphylococcus aureus

103 (2.8) 68 (3.0) 35 (2.4)

Vancomycin resistant Enterococci 44 (1.2) 31 (1.4) 13 (0.9)

Stenotrophomonas maltophilia 6 (0.2) 5 (0.2) 1 (0.1)

Pseudomonas aeruginosa 69 (1.9) 56 (2.5) 13 (0.9)

Acinetobacter spp. 14 (0.4) 11 (0.5) 3 (0.2)

≥3 different classes 160 (4.3) 128 (5.7) 32 (2.2)

TA B L E  1  (Continued)

TA B L E  2  Pathogens identified based on type of urinary tract infection

Uropathogen

Overall (n = 3714)

Pyelonephritis Cystitis

complicated 
(n = 393)

Uncomplicated 
(n = 294)

complicated 
(n = 1532)

Uncomplicated 
(n = 1495)

n n n n n

Enterbacterales

E. coli 1417 (38.1) 144 (36.6) 139 (47.3) 521 (34.0) 613 (41.0)

E. cloacae 49 (2.2) 6 (1.5) 1 (0.3) 26 (1.7) 16 (1.1)

E. aerogenes 24 (1.1) 3 (0.8) 1 (0.3) 17 (1.1) 3 (0.2)

K. oxytoca 35 (1.6) 3 (0.8) 3 (1.0) 23 (1.5) 6 (0.4)

K. pneumoniae 296 (13.2) 44 (11.2) 21 (7.1) 144 (9.4) 87 (5.8)

Citrobacter spp. 55 (2.5) 8 (2.0) 3 (1.0) 30 (2.0) 14 (0.9)

Proteus spp. 122 (5.4) 17 (4.3) 9 (3.1) 74 (4.8) 22 (1.5)

Non- enterbacterales

Enterococcus species 130 (5.8) 25 (6.4) 8 (2.7) 70 (4.6) 27 (1.8)

P. aeruginosa 82 (3.7) 18 (4.6) 3 (1.0) 45 (2.9) 16 (1.1)

Staphylococcus aureus 44 (2.0) 8 (2.0) 1 (0.3) 27 (1.8) 8 (0.5)

Staphylococcus saprophyticus 22 (1.0) 3 (0.8) 5 (1.7) 2 (0.1) 12 (0.8)

Multi- drug resistant

ESBL- producing pathogena 166 (7.4) 32 (8.1) 14 (4.8) 83 (5.4) 37 (2.5)

CRE- producing pathogena 6 (0.3) 1 (0.3) 0 (0.0) 3 (0.2) 2 (0.1)

Otherb 146 (6.5) 16 (4.1) 6 (2.0) 78 (5.1) 46 (3.1)

aThe multi- drug resistant pathogens presented consist of a subset of the Enterbacterales pathogens.
bOther = pathogens not commonly isolated in the urinary tract but are considered pathogenic (e.g., Aerococcus urinae, Stenotrophomonas maltophilia, etc.).
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geographic variation exists in E. coli FQ- resistance. Patients present-
ing with a complicated UTI had E. coli FQ resistance prevalences that 
exceeded 50% at many sites, whereas those with uncomplicated 
pyelonephritis and cystitis had resistance prevalences being 29.3% 
and 29.9% for pyelonephritis and cystitis, respectively. Previous 
studies have shown that prevalence of E. coli resistance to FQs has 
been increasing over the past two decades.20,21 In an analysis of 
over 12 million urine specimens, E. coli resistance to FQs was re-
ported to be 3% in 2000 but increased to 17.1% in 2010.21 A study 
enrolling participants from 2013 to 2014 evaluated the prevalence 
of FQ- resistant E. coli in patients presenting to the ED with acute 
uncomplicated pyelonephritis and found that 19.9% of isolates were 
resistant.5 The combined E. coli FQ- resistance rate at all sites in this 
study was 22.1% (range 10.5%– 29.7% by site) demonstrating that 
resistance continues to increase across the US.

The most recent IDSA guidelines (published >10 years ago) for 
the treatment of uncomplicated pyelonephritis recommend empiric 

FQ treatment unless the local prevalence of E coli resistance is 
greater than 10%, in which case, an initial parenteral antibiotic (e.g., 
ceftriaxone, consolidated 24- hour dose of an aminoglycoside) dose 
is recommended to be administered before the patient is discharged 
home.7 All 15 sites in our study reported E. coli FQ- resistance >10%, 
suggesting that empiric antimicrobial regimens should be modified 
for patients with pyelonephritis. For uncomplicated cystitis, FQ- 
resistant was reported in 29.9% of all of E. coli isolates. Fortunately, 
current guidelines recommend nitrofurantoin as first- line treatment 
for uncomplicated cystitis as resistance rates have remained low.7 
In the total cohort, we found E. coli resistance to nitrofurantoin was 
2%, with it being slightly lower at 1.9% in patients with uncompli-
cated cystitis suggesting that nitrofurantoin remains a viable treat-
ment option for uncomplicated cystitis.

As FQ- resistant E. coli continues to impact empiric treatment 
options in the ED, of growing concern is resistance emerging to 
alternative treatments mediated through bacterial production of 

TA B L E  3  Antimicrobial drug resistance prevalence for Escherichia coli isolates (2018- 2020)a

Antimicrobial drug

Overall 
(N = 1,471)

Pyelonephritis Cystitis

complicated 
(n = 144)

Uncomplicated 
(n = 139)

complicated 
(n = 521)

Uncomplicated 
(n = 613)

n n n n n

Beta lactams

Ampicillin/sulbactam 245 (17.3) 28 (19.4) 37 (26.6) 90 (17.3) 90 (14.7)

Ampicillin 556 (39.2) 61 (42.4) 66 (47.5) 208 (39.9) 221 (36.1)

Cefazolin 180 (12.7) 31 (21.5) 19 (13.7) 85 (16.3) 45 (7.3)

Cefepime 83 (5.9) 15 (10.4) 6 (4.3) 38 (7.3) 24 (3.69)

Ceftazidime 45 (3.2) 11 (7.6) 5 (3.6) 20 (3.8) 9 (1.5)

Ceftriaxone 124 (8.8) 22 (15.3) 10 (7.2) 62 (11.9) 30 (4.9)

Ertapenem 2 (0.1) 1 (0.7) 0 (0.0) 1 (0.2) 0 (0.0)

Imipenem 1 (0.1) 0 (0.0) 0 (0.0) 1 (0.2) 0 (0.0)

Meropenem 2 (0.1) 2 (1.4) 0 (0.0) 0 (0.0) 0 (0.0)

Piperacillin/tazobactam 20 (1.4) 7 (4.9) 1 (0.7) 6 (1.2) 6 (1.0)

Aminoglycosides

Amikacin 5 (0.4) 1 (0.7) 0 (0.0) 2 (0.4) 2 (0.3)

Gentamicin 99 (7.0) 15 (10.4) 8 (5.8) 39 (7.5) 37 (6.0)

Tobramycin 40 (2.8) 14 (9.7) 3 (2.2) 15 (2.9) 8 (1.3)

Fluoroquinolones

Ciprofloxacin 269 (19.0) 41 (28.5) 22 (15.8) 122 (23.4) 84 (13.7)

Levofloxacin 157 (11.1) 31 (21.5) 14 (10.1) 65 (12.5) 47 (7.7)

Fluoroquinolone resistanceb 313 (22.1) 48 (33.3) 24 (17.3) 147 (28.2) 94 (15.3)

Other

Aztreonam 41 (2.9) 10 (6.9) 4 (2.9) 20 (3.8) 7 (1.1)

Nitrofurantoin 28 (2.0) 4 (2.8) 1 (0.7) 17 (3.3) 6 (1.0)

Trimethoprim/
sulfamethoxazole

344 (24.3) 44 (30.6) 46 (33.1) 123 (23.6) 131 (21.4)

aThese results are from testing conducted at site hospital microbiology laboratories. Not all antimicrobials were tested at each site. Denominators 
with total tested for each antimicrobial are presented.
bResistant to ciprofloxacin or levofloxacin.
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ESBLs.22,23 A recent study evaluating the emergence of ESBL UTI 
infections among ED patients who were hospitalized reported the 
prevalence of ESBL- producing Enterobacterales to be 17.2% (range: 
4.6%– 45.4%).6 The prevalence of ESBL- producing Enterobacterales 
in our cohort was significantly lower at 7.4% (range: 3.6– 11.6), but is 
consistent with previous reports evaluating community- associated 
ESBL infections.24 The difference in findings can likely be explained 
by the differing enrollment criteria and the predominance of out-
patient treatment. Our study sought to determine resistance rates 

among all ED patients who were diagnosed with a UTI, whereas 
Talan et al. evaluated only patients hospitalized for treatment of 
UTI.6 Additional differences could be related to the prevalence of 
risk factors for ESBL- producing Enterobacterales. In the previously 
mentioned paper, over 75% of the patients had received antibiotic 
treatment within the prior 90- days, and over 30% had a history of 
FQ-  or ceftriaxone- resistant isolate in the prior 90 days.6 In contrast, 
29.1% of our cohort had received antibiotic treatment within the 
prior 90- days, and only 10.4% had a history of a MDR pathogen. 

Characteristic

FQ Res E coli

uORa 95% CI aORb 95% CI

Sex (ref = female) 1.54 1.13– 2.09 1.11 0.78– 1.60

Kidney disease 1.91 1.36– 2.68 1.37 0.92– 2.03

Advanced liver disease (cirrhosis/ ESLD) 0.74 0.25– 2.19 0.41 0.13– 1.33

Previous IV or oral antibiotic use in the past 
90 days

2.68 2.04– 3.51 1.87 1.38– 2.53

Hemodialysis dependence 2.97 0.90– 9.80 0.96 0.21– 4.29

Urinary tract abnormality (e.g., catheter) 2.74 1.92– 3.91 1.60 0.51– 5.00

Long- term or intermittent urinary catheter 3.45 2.25– 5.28 1.26 0.42– 3.80

Nephrolithiasis 1.13 0.51– 2.54 0.64 0.17– 2.34

Renal transplant 2.54 0.80– 8.07 0.78 0.19– 3.22

Neurogenic bladder 3.69 1.93– 7.06 1.12 0.46– 2.83

Nephrostomy tubes 1.77 0.32– 9.71 0.56 0.08– 4.04

Residence in a long- term care facility 2.17 1.43– 3.31 1.93 1.22– 3.07

History of multi- drug resistant pathogen 6.93 4.95– 9.70 5.25 3.67– 7.51

aRepresents the unadjusted odds ratios of each risk factor for FQ- resistance among E coli isolates 
(n = 1471).
bAmong patients with positive E coli culture, adjusted for all variables listed.

TA B L E  4  Risk factors associated with 
isolating FQ- resistant E. coli

Characteristic

ESBL

uORa 95% CI aORb 95% CI

Sex (ref = female) 1.29 0.91– 1.82 1.16 0.79– 1.70

Kidney disease 1.55 1.05– 2.29 1.17 0.76– 1.80

Advanced liver disease (cirrhosis/ ESLD) 1.17 0.41– 3.29 0.82 0.28– 2.42

Previous IV or oral antibiotic use in the past 
90 days

2.04 1.48– 2.81 1.37 0.96– 1.95

Hemodialysis dependence 1.68 0.59– 4.84 0.78 0.23– 2.67

Urinary tract abnormality 1.71 1.18– 2.47 1.33 0.52– 3.40

Long- term or intermittent urinary catheter 1.60 1.04– 2.45 0.79 0.32– 1.95

Nephrolithiasis 1.10 0.44– 2.78 0.72 0.22– 2.31

Renal transplant 4.00 1.45– 11.05 2.17 0.64– 7.40

Neurogenic bladder 1.79 0.98– 3.27 0.78 0.36– 1.67

Nephrostomy tubes 1.95 0.67– 5.65 0.88 0.24– 3.27

Residence in a long- term care facility 1.58 0.98– 2.54 1.34 0.81– 2.19

History of multi- drug resistant pathogen 5.30 3.77– 7.44 4.71 3.26– 6.81

aRepresents the unadjusted odds ratios of each risk factor for ESBL- producing uropathogens 
among culture positive cohort (n = 2242).
bAmong culture positive patients, adjusted for all variables listed.

TA B L E  5  Risk factors associated with 
isolating an ESBL- producing uropathogen
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It is evident that the prevalence of ESBL- producing uropathogens 
is increasing, but our results suggest they may be less prevalent in 
patients who are less ill, being discharged home from the ED, and 
without any risk factors for MDR pathogens.

As the prevalence of antimicrobial resistance continues to rise 
among commonly prescribed antibiotics, it is evident that certain 
patients are at much higher risk for having a UTI caused by a resis-
tant uropathogen. Multiple studies have evaluated the impact of risk 
factors on the likelihood of having a resistant uropathogen with the 
most common risks factors associated with isolating a resistant uro-
pathogen being recent exposure (e.g., 60– 90 days) to antimicrobial 
therapy, history of MDR pathogen, and complicating genitourinary 
factors (e.g., chronic indwelling catheters).5,25– 27 Our research is con-
sistent with the existing literature in demonstrating the importance 
of identifying those patients with increased risk for resistant organ-
isms, notable those who received an antibiotic in the prior 90 days 
or had a history of MDR pathogen. Importantly, however, we found 
that over 1/3 of patients with resistant organisms did not have iden-
tifiable risk factors. This has been described in patients hospitalized 
with UTI and for patients with ESBL, and we also demonstrate that 
this is also the case for patients with FQ resistance.6,26 Our results 
taken together with those of Frazee et al26 and Talan et al,5,6 high-
light serious concerns with increasing resistance rates to commonly 
used antibiotic treatments and that resistance impacts patients with 
and without identifiable risk factors.

STRENGTHS AND LIMITATIONS

Strengths of our study include being a multi- center study conducted 
at 15 US sites with geographic variation using routinely collected 
and relatively current (2018– 2020) health care data. We used broad 
inclusion criteria that should be representative of the ED patient 
population and is more representative of community prevalences. 
Additionally, because we stratified our patient population, our re-
ported resistance prevalances are more granular based on UTI type 
(e.g., complicated vs. uncomplicated).

However, our study has several important limitations that must 
be addressed. First, our study was retrospective and observational, 
which introduces the prospect of inaccurate documentation. We in-
tentionally selected variables for analysis that are likely to be accu-
rately reported and are easily abstractable from the EMR; however, 
there may have been slight variation between centers in recording of 
data. Second, UTIs are one of the most common infectious related 
diagnoses in the ED and the diagnostic error for UTI in the ED has 
been reported to be high, which could have impacted our included 
population.28 We created inclusion criteria so that patients not only 
had to have an ICD- 10 diagnosis code for UTI during their ED visit, 
but they also had to have reported symptoms of UTI and urine cul-
ture obtained increasing the likelihood of only enrolling patients 
with a UTI. Third, there is some difficulty in the ability to accurately 
capture some of the proposed antimicrobial risk factors (e.g., previ-
ous antibiotic exposure in past 90- days, history of MDR) because of 

the nature of the health care system (not a closed system). Fourth, 
while we have 15 sites included in our study representing various 
geographic areas across the US, our network lacks sites in the south-
ern and pacific regions decreasing the generalizability of our findings 
to those regions. Finally, we only included patients presenting to the 
ED so the generalizability of our resistance findings may be limited.

CONCLUSIONS

FQ- resistant E. coli is widely prevalent and ESBL- mediated resist-
ance appears to be increasing across US sites highlighting the need 
for ongoing monitoring of antimicrobial resistance and, at some loca-
tions, modification of empirical treatments.
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